To examine the prevalence of HIV, syphilis, and hepatitis C virus (HCV) infections by demographic characteristics and identify the subgroups of female sex workers (FSW) who are at a higher risk of the infections. Secondary analysis of the 2010 National Sentinel Surveillance (NSS) data was conducted in the current study. A total of 12,622 FSW recruited from 35 NSS sites in Guangxi, China were included in the analysis. FSW were tested for HIV, syphilis, and HCV. The overall prevalence of HIV, syphilis, and HCV infections were 1.0, 6.1, and 1.0%, respectively. The prevalence of HIV and syphilis infections was significantly higher among women who were 40 years of age or older, worked in small commercial sex venues or on the street, were divorced or widowed, or had no formal schooling. A very high HIV infection prevalence (8.2%) was observed among a small number of cross-border foreign FSW (n 049). The prevalence of HCV infection did not differ by most of the demographic characteristics. Living in other provinces or being a Zhuang-ethnic served as protective factors for HCV. The multivariable analyses confirmed the bivariate results suggesting higher prevalence of HIV and syphilis infections among FSW who were older, divorced or widowed, or had no formal schooling. Future HIV intervention prevention efforts among FSW need to pay particular attention to these women in order to effectively curtail the infections among this most-at-risk population as well as to prevent the further spread of HIV and syphilis to other populations.
Introduction
Historically, injecting drug use (IDU) and contaminated blood were the major sources of HIV transmission in China, but new infections attributable to sexual transmission have surpassed infections acquired via IDU since 2007 (UNAIDS & MoH, 2012; Wang et al., 2010) . Heterosexual transmission accounted for about 11.3% of the newly reported cases in 2005, increasing to 52.2% in 2011 (Lu et al., 2008; UNAIDS & MoH, 2012; Wang et al., 2010) . Indicative of the increase in heterosexual transmission is the rapid rise in new infections among women (Li, Hong, & Poston, 2011) . A major challenge for China to control its HIV epidemic is to prevent further spread of the sexual transmission, which could lead to a more generalized epidemic.
In China, female sex workers (FSW) have been considered as one of the most-at-risk groups for heterosexual transmission of HIV and other sexually transmitted infections (STI) including syphilis and hepatitis C virus (HCV) Rou, Sullivan, Liu, & Wu, 2010) . In response, the Chinese government has expanded the number of HIV/AIDS National Sentinel (Wang et al., 2010) . However, data from these NSS sites have shown a relatively stable and low seroprevalence among FSW over the years (e.g., 0.5Á1.0% in 2004 and 0.4% in 2009) , while the overall rate of heterosexual transmission of HIV has been on a rapid rise during the same time period (UNAIDS & MoH, 2012; Wang et al., 2010) . This apparent contradiction suggests that the FSW population may be heterogeneous in terms of HIV infection and HIV-related risk and the overall prevalence did not provide an accurate estimation of HIV prevalence among various subpopulations of FSW. Therefore, in this study, utilizing the 2010 NSS data among FSW from Guangxi, China, we examined the prevalence of HIV, syphilis, and HCV infections among FSW by their demographic profiles. We aimed to identify the subpopulation of FSW who were at high risk of HIV, syphilis, and HCV infections and who may serve as a reservoir for increased heterosexual transmission of HIV and other STI in China (Li et al., 2011; Zhang et al., 2012) .
Methods

China HIV NSS system
The China HIV NSS system was established in 1995 with serial annual cross-sectional surveys among most-at-risk populations at fixed sites and fixed times using a standardized protocol including both behavioral surveillance and laboratory testing of HIV, syphilis, and HCV (Sun et al., 2007) . A target sample size of 400 was recommended for each NSS site, although a minimum of 250 was acceptable (Sun et al., 2007) . Local centers for disease control and prevention (CDC) were responsible for collection of blood specimen and behavioral survey data, testing, necessary counseling, and referral, following the standard NSS protocol and guideline established by China National Center for AIDS/STD Control and Prevention (NCAIDS) (Jia, Lu, Sun, & Vermund, 2007) .
Data source
The data used in this study were derived from the 2010 NSS conducted in Guangxi Zhuang Autonomous Region (''Guangxi'') in southwest China. Guangxi is one of the regions with the fastest growing HIV epidemic in China. Since the first person was diagnosed with HIV in Guangxi in 1996, Guangxi has witnessed a substantial increase in the HIV prevalence. A total of 69,548 HIV/AIDS cases (45,014 HIV infection and 24,534 AIDS) had been reported by June 2011, representing a 30.12% increase since the end of 2009 (52,643 HIV/AIDS cases) and placing Guangxi second among 31 Chinese provinces in terms of HIV seropositive cases (GuangxiCDC, 2011) . During the first 6 months of 2011, Guangxi was the first in the nation in terms of new cases reported with 4643 HIV infections and 3388 cases of AIDS. Historically, IDU was the primary route of infection, but sexual transmission has rapidly increased in recent years. Heterosexual transmission in Guangxi increased from 42.8% in 2007 42.8% in to 78.2% in 2010 42.8% in (GuangxiCDC, 2011 . The expanding economy, rapidly increased income disparity, large rural-to-urban migration, and significant tourism in Guangxi have created a flourishing market for commercial sex in both urban and rural areas (GuangxiCDC, 2011) .
Sampling and data collection
The 2010 NSS data among FSW in Guangxi were collected from 12,622 FSW at 35 NSS sites in Guangxi. The 35 NSS sites for FSW in Guangxi covered 40 rural counties or urban districts from 14 of the 17 administrative regions in Guangxi. The 2010 NSS sample among FSW in Guangxi was recruited from a variety of venues/sites that were known to local CDC for provision of commercial sex services. These venues included sauna, public bath center, nightclub, karaoke (KTV), dancehall, bar, hotel, restaurant, hair salon, massage parlor, mini-hotel, roadside restaurant, and the street. All participants were tested for HIV, syphilis, and HCV antibody and were asked to complete an anonymous, self-administered, standard behavioral surveillance survey. The health workers from the local CDC were trained to identify, reach, and recruit eligible participants among these venues/sites and administer the surveys.
Demographic measures
The participants were asked to provide information regarding their year of birth, marital status (single, married, cohabited, divorced, or widowed), location of primary residence (Guangxi, other province, or foreign countries), ethnicity (Han, Zhuang, or others), educational attainment (no formal schooling, elementary school, middle school, high school, or above), length of working in the current location (more than one year, 6Á12 months, one to six months, less than one month), and site of their previous work location (other province, other city in Guangxi, the current city, none). Participant's age was estimated using the difference between the survey year (i.e., 2010) and their reported birth year. For the purpose of data analysis in the current study, the sample was divided into three age groups: 19 years or younger, 20Á39 years, or 40 years and older.
HIV, syphilis, and HCV testing
Following the standard protocol and laboratory methods established by the China NCAIDS (2009), participants were tested confidentially for HIV, syphilis, and HCV antibody. All participants agreed to provide blood specimen for this purpose. For both HIV and HCV, initial screening was conducted using Enzyme-linked Immunosorbent Assay (ELISA) method (ELISA-1) and confirmation tests were done on positive cases using a different ELISA method (ELISA-2). A result was considered positive only if the confirmation test was also positive. Two different methods (ELISA and Rapid plasma reagin [PRP]/Toluidine Red Unheated Serum Test [TRUST]) were used to conduct parallel tests for syphilis and a result was considered positive only if it was positive on both tests. The HIV and HCV testing kits were produced by Yingke Xinchuang Technology Company, Beijng Wantai Pharmaceutical Company in China, and Abbott Laboratories in the USA. The syphilis testing kits were produced by Beijing Jinhao Pharmaceutical Company in China and Fuji Industrial CO. LTD in Japan. All the initial screening and confirmation tests were conducted at designated and certified laboratory at local CDC or hospitals.
Data analysis
Chi-square statistics were employed to test the differences in HIV, syphilis, and HCV prevalence by various demographic measures. Multivariable logistic regression was conducted with each of the infections (HIV, syphilis, and HCV) as the dependent variable. All available demographic variables were entered in the regression models as the independent variables. Unadjusted odd ratios (OR) and adjusted odd ratios (aOR) and their 95% confidence intervals (95% CI) were calculated to depict the association between the independent variables and each of the infections. All statistical analyses were performed using SPSS 18.0 for Windows.
Results
Sample characteristics
As showing in Table 1 , the majority (81.6%) of the NSS sample was between 20 and 39 years of age. About one half of the participants was never married with 5% of them cohabitating with their partners. About three quarters of the sample were Guangxi residents and a small number (n 049 or 0.4%) were cross-border foreign FSW from Vietnam. The majority of the sample was either of Han (59.0%) or Zhuang (32.3%) ethnicity. The sample also included 8.1% FSW who identified themselves as members of other 22 ethnic minority groups and these participants were combined into one category (''Other'') for the purpose of data analysis in the current study. The majority of the sample completed or attended either elementary school (27.8%) or middle school (55.7%), while a small proportion either never had formal schooling (3.3%) or attended at least high school (13.0%).
Prevalence of HIV infection
As Figure 1 showed, overall about 1.0% (n 0125) of the participants were tested positive for HIV and none of the participants reported a prior diagnosis of HIV infection. The prevalence of infection rose with age group: the prevalence was 0.2, 0.9, and 2.6% for FSW 519 years, 20Á39 years, and ]40 years, respectively. The HIV prevalence was significantly higher among FSW who were recruited from the street or from mini-hotels/roadside restaurants than among FSW who were recruited from other venues (Figure 2 ). The HIV prevalence was lower among FSW who were never married or cohabitating than FSW who were ever married. There was no significant difference in the HIV prevalence between Guangxi residents (1.0%) and residents of other provinces (0.8%). However, among the small number of cross-border foreign FSW (n049), 8.2% tested positive for HIV. The HIV prevalence was higher among ethnic minority FSW than Han FSW. The HIV prevalence was negatively associated with the level of formal schooling with 4.4% among FSW who never had formal schooling and 0.2% for FSW who attended at least high school. The HIV prevalence did not differ by the length of working in the current work location, but FSW who had previously worked within Guangxi had a significantly higher rate of infection than those who had no previous work or had worked previously in other provinces.
Prevalence of syphilis
Overall, 6.1% (n0772) of the sample tested positive for syphilis. The demographic pattern of syphilis prevalence was similar to that of HIV prevalence. As shown in Figure 1 , the prevalence of syphilis was positively associated with increasing age. Syphilis infection was significantly higher among women who were recruited from mini-hotels/roadside restaurants (13.3%) or the street (13.2%) than among women who recruited from other venues (Figure 2 ). More FSW who ever married had syphilis than those who never married. There was no difference in syphilis infection by the place of primary residence. FSW of ethnic minority has a higher prevalence than FSW of Han ethnicity. Educational attainment was negatively associated with the syphilis prevalence with the highest (12.8%) among FSW with no formal schooling and the lowest (2.6%) among FSW who attended at least high school. Although the syphilis prevalence significantly differed by the length working in the current work location, there was not a clear trend by time. In general, women who had worked in Guangxi before (either in other cities or in the current city) had higher syphilis prevalence (7.3 and 6.3%) than those who either worked in other province (5.1%) or did not have a previous work location (4.9%). Nearly 30% (n 033) of women infected with HIV in the current study were co-infected with syphilis.
Prevalence of HCV infection
Overall, about 1.0% of FSW tested positive for HCV. The prevalence of HCV was significantly associated with age group (Figure 1) , with the prevalence (1.1%) AIDS Care 1435 among older women (20 years or older) being more than 10-fold that of younger women (e.g., 0.1% among those 19 years or younger). FSW of Han ethnicity had a significant higher rate of HCV (1.3%) than FSW of ethnic minority (0.6% for Zhuang and 0.7% for others). There were some differences in HCV prevalence among types of venue, marital status, place of primary residence, educational attainment, length working in the current location, and location of previous job, but none of these differences reached statistical significance. Seven of the 125 cases of HIV infections (5.6%) were also co-infected with HCV.
Multivariable analysis
Both unadjusted OR and aOR from the multivariable logistic regression analyses were presented in Table 2 .
The multivariable analyses confirmed the bivariate results regarding the higher risk of HIV and syphilis infection among women who were old, working at small commercial sex venues or at the street, divorced/widowed, or having low educational attainment. The significant predictors for HIV infection in the multivariable analysis included being older than 40 years of age (aOR 05.40), working at mini-hotel/ roadside restaurant or hair salon/massage parlor (aOR 05.31 and 4.10, respectively), being divorced or widowed (aOR 02.68), no formal schooling or finishing only elementary school (aOR 07.62 and 5.08, respectively), and previously working in other cities within Guangxi (aOR 03.90). The significant predictors for syphilis infection included older age (aOR 03.81 and 2.48 for age groups of '' 40 years'' and ''20Á39 years'', respectively), working at mini-hotel/roadside restaurant, hair salon/ 
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Discussion
The current study, utilizing a large sample of FSW from NSS data from Guangxi, China, strongly suggested higher rates of HIV and syphilis among FSW who were older, worked at small commercial sex venues or on the street, were divorced/widowed or of minority ethnicity, and had lower educational attainment. Because of their age disadvantage, older women were more likely to work in low-paying venues, which increased their risks of HIV/STI Huang, Henderson, Pan, & Cohen, 2004; Zhang et al., 2012) . In the context of commercial sex, women who were divorced or widowed usually had more financial pressure to support families, and they were prone to conduct unprotected sex for more money. Being ethnic minority women in China, they usually grew up in resources-poor settings and usually lacked opportunities of education and skill trainings. Without jobrelated skills, these disempowered women may lack of opportunities to find alternative jobs. The data in the current study not only identified a high-risk group of FSW but also supported the association between disadvantaged socioeconomic status (e.g., low educational attainment, working at the lower stratum of the sex industry, divorced/widowed, ethnic minority members) and high HIV risk that has been hypothesized or speculated in the global literature (Baral et al., 2012; Buzdugan, Halli, & Cowan, 2009; Chen, Peeling, Yin, & Mabey, 2011; Tucker, Yin, Wang, Chen, & Cohen, 2011; Zhang et al., 2012) .
The data in the current study showed a similar demographic pattern of HIV and syphilis infections among FSW in China. This finding is consistent with the global literature on the potential co-infection between HIV and syphilis. The large percentage of co-infection of HIV with syphilis (i.e., 33 of the 125 cases of HIV infection were also infected with syphilis) in the current study suggests the importance of examining the syphilis epidemic among FSW in China. In the past decade, China has witnessed a (Chen et al., 2007; Li, Chen, Merli, Weir, & Henderson, 2012) . As syphilis infection can facilitate HIV transmission by increasing susceptibility to HIV infection (Galvin & Cohen, 2004) , the increasing but relatively hidden syphilis epidemic deserves more attentions in future HIV/STI intervention preventions. A relatively low prevalence of HCV is identified in the current analysis. The existing literature has showed a large variation of HCV infection among FSW across different countries from less than 1% among FSW in Venezuela to more than 80% among FSW who were also injecting drugs in the UK (Camejo, Mata, & Dı´az, 2003; Kucirka et al., 2011; Taylor et al., 2008) . Therefore, it is unclear whether the low prevalence found in the current study reflects the actual HCV epidemic among this population in China. Future research on HCV infection among FSW, especially among the subgroup of FSW who are using or injecting drugs, is needed to improve our understanding of HCV infection among FSW in China and other low-and middle-income countries.
The alarmingly high rate of HIV and syphilis infections among cross-border foreign FSW indicates the need for HIV control programs to consider this largely hidden population in Guangxi and other border areas. Cross-border FSW may have higher risk compared to their counterparts in either original or hosting country as they are highly mobile and lack of access to local HIV/STI prevention intervention programs (Lau & Wong, 2000; Van Duifhuizen & Hendriks, 1992) . These women may also facilitate the spread of HIV/ STI from high-prevalence regions to low-prevalence areas (Lau & Tsui, 2003) . There is a need to establish an international collaboration to implement HIV prevention interventions across national borders. In addition, the routine surveillance should be strengthened and expanded in order to monitor this most-at-risk but often hard-to-reach population.
The findings in the current study need to be interpreted with some cautions in light of two potential methodological limitations. First, the data were derived from a cross-sectional survey, which prevents us from making a conclusive inference regarding the risk status of different groups of FSW who are at risk of contracting HIV or syphilis. Longitudinal studies are needed in the future to confirm temporality of the exposure (e.g., the most apparent exposure due to their lower socioeconomic status) and HIV/syphilis infection. Second, the data in the current study were collected in a multiethnic region in China, which may limit our ability to generalize the findings to other regions of China.
Despite these potential limitations, the findings of the current analysis have some important implications for HIV and syphilis prevention intervention among FSW in China. First, China may need to increase the NSS among FSW with socioeconomic disadvantages (e.g., older, low-educated, widowed/ divorced, and working at low-tier venues or at the street) and the large proportion of women with high mobility (e.g., short-time working in the current location, coming from other cities, and no local residency), as it is difficult to engage these subpopulations of FSW in the HIV/syphilis prevention efforts, and therefore, they are at a much higher risk of HIV and syphilis infection and transmission. Second, China needs to increase community-based HIV and other STI prevention intervention initiatives engaging FSW with socioeconomic disadvantages. These prevention and intervention efforts should include frequent testing and timely treatment. Because of their social and economic disadvantages, empowerment should also be an integrated part of these efforts. Third, an attention is needed for cross-border foreign FSW. Because of the complexity in identifying and reaching this largely hidden and mobile population and other challenges in terms of jurisdiction, custom, and language, joint and coordinated efforts cross the national boards may be needed to effectively target this population. The last but not the least, more research is needed to explore the issues of HCV infection among FSW, especially among FSW who are using or injecting illicit drugs in China.
